For treatment and prognostic evaluation of patients with measles, it is important to determine the source of the increase in serum a-hydroxybutyrate dehydrogenase (HBD; EC 1.1.99.6). Here we measured HBD and L-IaCtate dehydrogenase (LD; 1.1.1.27) activities in the serum of 18 children with measles and in 18 age-matched control patients with bronchopneumonia. HBD and LD activities in the measles patients were significantlyhigher than those in control subjects (P <0.001). The HBD/LD ratio in the measles patients two to three days after the onset of rash was significantly lower than that in control subjects (P <0.001). The low HBD/LD ratio was similar to the ratio found in lymphocytes. The number of peripheral lymphocytes decreased markedly after the onset of rash. Our results suggest that increased serum HBD and LD activity is common in measles infection and that the increase originates from the destruction of infected lymphocytes rather than from myocardiac injury. He suggested that there might be a causal relationship between the measles virus, the myocardium, and sudden death. The HBD/LD ratio in measles patients, however, is not increased, as it is in patients with myocardial infarction (3,4).
We investigated the incidence of increased HBD activity in serum as well as the mechanism of increase by serum enzymatic methods in patients with measles and compared these findings with those in bronchopneumoma patients without measles.
Materials and Methods

Subjects
The patients were 18 children with measles (8 girls and 10 boys) who were hospitalized at the Dokkyo University School of Medicine Hospital between August 1987 and July 1988 (mean age 4.6 years, SE 0.6). All patients were moderately dehydrated and had respiratory complications;
10 had pneumonia, 7 had bronchitis, and 1 had laryngitis.
Eleven patients in whom we
First Department of Pediatrics, Dokkyo University School of Medicine, Mibu, Schimotauga, Tochigi 321-02, Japan. ' For all 18 children with measles, we obtained an electrocardiogram (ECG) two to three days after the onset of rash and again four to six days later.
Results are expressed as mean and SE, and statistical evaluation was done with the Student's unpaired t-test.
Results
Serum HBD activity was markedly increased in all 18 measles patients (mean 562.4 UIL, SE 19.4), as was the U) activity (1408 U/Li SE 54.3). HBD activity exceeded 400 U/L in 15 of the 18 measles patients (83%) and was >600 U/L in 5 of 18(28%). U) activity exceeded 800 U/L in all 18 measles patients and was >1500 U/L in 6 (33%). In the control group, HBD did not exceed 400 U/L (mean 203.8 U/L, SE 10.5) and LD did not exceed 800 U/L (mean 473.6 U/L, SE 23.9) in any subject. Figure 1 shows the sequential change in HBD activity in measles patients with increased and normal CK activity. HBD activity gradually increased when the rash appeared, reached a peak (613.9 U/L, SE 28.7) two to three days later, and then returned almost to the normal range. A similar pattern was observed for U) activity (Table 1) . Table 1 shows the mean serum enzyme activities before and after the onset of rash. AST activity was slightly increased in measles patients and followed a time course similar to that of HBD (Figure 1 ). ALT activity was normal in 17 of the 18 measles patients, and slightly increased in 1. CK activity was increased in 9 of the 18 measles patients (622.8 U/L, SE 149.3) and normal in 9. Measles patients were separated into two groups by CK activity: in one group CK activity remained within the normal range, and in the other group it increased when the rash appeared and peaked at two to three days (Figure 3 ). There was no difference between patients with normal and increased CK activity in the time course of serum HBD activity or in HBD/LD ratio (Figures 1 and 2) . The increased CK fraction comprised MM, not MB, in all four patients in whom it was measured (Figure 3) . Aldolase activity was increased in the 14 measles patients (10.2 UIL, SE 0.6) in whom it was measured and showed a time course similar to that of HBD activity (Table 1 ). a-Amylase activity was within the normal range in 9 of the 12 patients in whom it was measured and slightly in- Table 2 shows enzyme-activity data for five measles patients in whom LI) isoenzymes were determined two to three days after the onset of rash. LD-3 and LD-4 fractions were increased (LD-3 >LD-4) in all five patients. LD, HBD, and aldolase activities were increased in all patients, but AST and CK activities were increased in only two of the five patients. ALT activity was normal in all patients, and amylase activity was normal in four of the five patients. Figure 4 shows the biochemical course for one patient with measles (first patient in Table 2 ). HBD, LI), and aldolase activities in serum were markedly increased two to three days after the onset of rash, but CK, ALT and amylase activities were not increased.
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An ECG abnormality consisting of minor T-wave changes was present in 4 of the 18 measles patients. No patient had clinical evidence of myocarditis, congestive To our knowledge, only one report (2) in the English literature describes increased serum HBD in children with measles. Wooldridge (2) observed high HBD and U) activities in all of 14 children with measles; activities were markedly increased in two children who died. Marked ECG abnormalities were also reported for these two patients, but myocardial injury was not confirmed by autopsy. Although a high HBD/LD ratio was reported for patients with myocardial infarction (3,4) , the HBD/LD ratio in measles patients is low. In another study (6) , as well as here, the LD-1 activity, which reflects myocardial injury, was within normal limits. Furthermore, Leibovici et al. (7) reported that the incidence of ECG abnormalities in young adults with measles was only 0.7%, and Barkin (8) reported no cardiac causes of death in 454 measles mortalities in the United States. Thus, the markedly increased serum HBD in all measles patients cannot be explained as being of cardiac origin. The HBD/LD ratio was significantly (P <0.001) lower and HBD activity was significantly (P <0.001) higher two to three days after the onset of rash in our measles patients than in the control group. Both low HBD/LD ratio and increased HBD activity were found in patients with liver disease and infectious mononucleosis (4). Because ALT activity and LD-5 concentration, which reflect hepatic function (9) , were within normal limits in the measles patients (Tables 1 and 2 and Figure 3 ), the increase in total HBD was not of hepatic origin.
Both high HBD/LD ratio and increased HBD activity were reported in patients with muscular dystrophy (4). CK activity in measles patients was increased by 50% (Figure 1) , and markedly increased HBD activity was found in measles patients with normal CK activity ( Table 2 and Figures 1 and 4) . Therefore, markedly increased serum HBD in all measles patients cannot be explained as being of muscular origin.
The HBD/LD ratio in peripheral lymphocytes was low (0.370, SE 0.010) and similar to the minimum HBD/LD value found two to three days after the onset of rash. Increased HBD and LI) activities are common in measles infection, along with the well-recognized lymphopenia (5), which was also seen in our measles patients The increased CK activity in serum was reported to reside in the BB fraction (15) or the MM fraction (7, 15) . Here, CK was increased in 9 (50%) of the 18 measles patients, and the increased fraction was MM, not MB, in all four patients in whom CK isoenzymes were measured (Figure 3) . Leibovici et al. (7) , because of observing myoglobin in urine, suggested that increased CK and aldolase activities in measles patients originated partly from rhabdomyolysis.
Aldolase activity was increased in all 14 measles patients in whom it was measured. Because lymphocytes contain aldolase along with HBD and LD (16), it was suggested that the increased aldolase activity originated from muscle and infected lymphocytes. patients three to four days after the onset of rash, reported that the relative percentages of both LD-3 and LD4 were increased, with U)-3 predominating, as we observed in our measles patients.
in serum originates primarily from pancreas (9) , lung (9), and lymphocytes (9, 12). We measured amylase activity in 12 measles patients: in 9 it was normal and in 3 it was only slightly increased. U) activity was <800 U/L in patients with pneumonia, as we found in our control group, with few exceptions (13). These observations suggest that the increase in LI) activity in these patients, like that in HBD, results from the destruction of infected lymphocytes (6) .
Markedly increased CK and aldolase activities in some measles patients were previously reported (7,14).
